A procedure for the enzymatic determination of lecithin and sphingomyelin in aqueous solution is described. The phospholipids are first dissolved in chlorofomi:methanol (2:1 by vol), the solvent is evaporated, and the residue is redissolved in an aqueous zwittenonic detergent solution. The enzymatic reaction sequences of both assays involve hydrolysis of the phospholipids to produce choline, which is then oxidized to betaine, thus generating hydrogen peroxide. The hydrogen peroxide is subsequently utilized in the enzymatic coupling of 4-aminoantipyrine and sodium 2-hydroxy-3,5-dichlorobenzenesulfonate, an intensely red color being formed. The presence of a non-reacting phospholipid enhances the hydrolysis of the reacting phospholipid. Thus we added lecithin to the sphingomyelin standards and sphingomyelin to the lecithin standards. This precise procedure may be applicable to determination of lecithin and sphingomyelin In amniotic fluid. (1), the extract is then concentrated, and the phospholipids are separated by thin-layer chromatography. Measurement of the individual phospholipids may then be attempted by one of several procedures. These include digestion of the organic material, followed by phosphate determination (2), or staining (3) or charring (4) of the phospholipids, followed by densitometry (5) or planimetry (6). Perhaps the two most commonly measured phospholipida in amniotic fluid are lecithin and sphingomyelin.
that they were direct and required no solvent extractions. Unfortunately, because concentrations of choline in the amniotic fluid are high relative to that of sphingomyelin, an extraction step must be included in this procedure, to reduce the blank reaction to acceptable levels.
The reaction sequence involved in our procedure is shown in Figure 1 . Although we used pure phospholipid standards in developing this method, we also determined lecithin and sphingomyelin in several amniotic fluid samples, and the results lead us to believe that it may be readily applicable to the measurement of these phospholipids in extracts of biological specimens.
Materials and Methods

Apparatus
We used a Model 25 spectrophotometer (Beckman Instruments, Fullerton, CA 92634) and a Model 300N spectrophotometer (Gilford Instrument Laboratories, Inc., Oberlin, OH 44074), both equipped with flow-through, thennostated microcuvettes. 
Chemicals and Enzymes Choline oxidase (from Arthrobacter
globiformis
Results and Discussion
The molecular masses of lecithin and sphingomyelin differ, so we decided to compare them on a molar basis rather than a weight basis, because 1 mol of lecithin or sphingomyelin will produce 1 mol of choline or phosphorylcholine on hydrolysis with PL-DC or sphingomyelinase. This molar basis was in turn based on the average molecular mass of bovine brain sphingomyelin, which we arrived at as follows.
Solutions containing equal concentrations by weight of sphingomyelin and the synthetic lecithin were prepared and assayed with the total choline-containing phospholipids reagent previously described (10) . Because the molecular mass of the synthetic lecithin is known (734.1 daltons), the average relative molecular mass (Mr) of the sphingomyelin could be calculated, which for this preparation was found to be 753. This value was used for sphingomyelin in all further calculations. Previously The order of addition of ingredients for the lecithin reagent is important, as already noted. Reportedly, FL-DC is strongly adsorbed to glass surfaces, resulting in substantial losses of enzyme activity (12) . This problem has been circumvented by preparing the reagent in plastic containers (7) or by including bovine serum albumin in the reagent (8, 9, 12). An albumin concentration of 1 g/L in our reagent system suffices to prevent such adsorption. Furthermore, it is necessary to add the PL-DC before the calcium chloride, which is a PL-D activator (12) , to obviate solubility problems with the FL-DC. The 4-aminoantipyrine is separated from the HDCBS to prevent excessive non-enzymatic coupling of the two chromogenic compounds in the reagent. Because a microbial sphingomyelinase with both high specificity and specific activity is now commercially available, it is convenient to measure sphingomyelin in a manner analogous to lecithin.
The pH optima of all the enzymes utilized in this procedure are sufficiently similar to permit use of a combined reagent with an overall pH optimum of 7.8. Furthermore, at this pH it is unnecessary to separate 4-aminoantipyrine from HDCBS, because there is little nonenzymatic coupling of the two, especially when the reagent is stored at 4#{176}C. Although both Mg2 and deoxycholic acid reportedly are activators of the sphingomyelinase from B.
cereus (13), we found that neither substance had an activating effect with this reagent; in fact, deoxycholic acid proved to be inhibitory. lecithin, so we checked each reagent for activity towards the other phospholipid. We found that the PL-DC only hydrolyzed lecithin, and the sphingomyelinase only hydrolyzed sphingomyelin. Then, we added various amounts of lecithin to 30 mol/L sphingomyelin solutions, which were then assayed for sphingomyelin, and various amounts of sphingomyelin to 200 MmolIL lecithin solutions, which were then assayed for lecithin. Figure 5 Although the primary intent of this paper is to describe the development of reagents for the enzymatic determination of lecithin and sphingomyelin in aqueous solution, we have made a very preliminary study of the applicability of the methods to measurement of these phospholipids in amniotic fluid. For this application, a direct method is not feasible due to the high concentrations of free choline, relative to sphingomyelin. Thus we examined the possibility of extracting the amniotic fluid, evaporating the solvent, and redissolving the phospholipid residue in the same Zwittergent solution that was used to dissolve the standards.
As was discussed earlier, it was necessary to add lecithin to one portion of the extract and sphingomyelin to the other, to ensure a consistent degree of hydrolysis of the phospholipid being measured. Once the residues were redissolved in 48 molIL Zwittergent 3-10, we noticed that some solutions were slightly turbid.
Centrifugation at 6500 x g caused the insoluble material to form a thin floating layer, so that the clear subnatant could be removed for lecithin or sphingomyelin determination.
The centriftigation step removes none of the lecithin or sphingomyelin.
In this preliminary study, we assayed 10 amniotic fluid samples for lecithin and sphingomyelin as described above. These results are compared to the 115 ratio as determined by a thin-layer chromatographic method (4) in Table 2 . As would be expected, the sphingomyelin concentration varies over a much narrower range than does the lecithin concentration in these samples. In general, the US ratio as determined by these enzymatic assays parallels the US ratio as determined by the thin-layer chromatographic method. Unfortunately, for many of the samples we assayed, Table 1 a cutoff LIS ratio value of 4:1 was used and the US ratio was not quantified beyond this number. Existing methods for determining the US ratio of amniotic fluid by use of thin-layer chromatography have several problems: poor resolution, due to humidity (14), variations in charring temperature (15) , and differing abilities of the various phospholipid visualization sprays to detect both saturated and unsaturated phospholipids (16). Furthermore, Gluck and Kulovich (17) and others (18) have reported that L'S ratios of 2:1 as measured by thin-layer chromatographic methods correspond to actual US concentration ratios of from 4:1 to 6:1. if this is indeed the case, the chromatographIc methods will underestimate the true US ratio. In spite of these methodological problems, the determination of the L'S ratio of aminotic fluid by thin-layer chromatography has proven useful due to many years of clinical correlation. However, the present enzymatic method potentially may provide not only a more rapid but also a more precise and accurate measurement of actual amniotic fluid IfS ratios, as well as a convenient tool for investigating the effects of centrifugation speed and precipitation with cold acetone, two procedural steps that have evoked considerable controversy (19) .
